Background: There is a tenfold variation across U.S. states in the prevalence of feeding tube use among elderly nursing home residents (NHR) with advanced cognitive impairment. The goal of this study was to examine whether regions with higher rates of health care transitions at the end of life are more likely to use feeding tubes in patients with severe cognitive impairment. Methods: A retrospective cohort study of U.S. nursing home residents with advanced cognitive impairment. The incidence of feeding tube insertion was determined by Medicare Part A and B billing data. A count of the number of health care transition in the last 6 months of life was determined for nursing home residents. A multivariate model examined the association of residing in a geographic region with a higher rates of health care transition and the insertion of a feeding tube in nusing home resident with advance cognitive impairment. Results: Hospital Referral Region (HRR) health care transitions varied from 192 (Salem, Oregon) to 509 per 100 decedents (Monroe, Louisiana) within the last 6 months of life. HRRs with higher transition rates had a higher incidence of feeding tube insertion (Spearman correlation ¼ 0.58). Subjects residing in regions with the highest quintile of transitions rates were 2.5 times (95% confidence interval [CI] 1.9-3.2) more likely to have a feeding tube inserted compared to those that resided in the lowest quintile. Conclusions: Regions with higher rates of care transitions among nursing home residents are also much more likely to have higher rates of feeding tube placement for patients with severe cognitive impairment, a population in whom benefit is unlikely.
Introduction

D
ementia is a chronic, progressive illness, and a leading cause of death among older Americans. 1 Dysphagia is a hallmark of end-stage dementia that often leads to weight loss, aspiration, and recurrent pneumonias. Therefore, decisions regarding to hospitalize severely demented nursing home residents with acute infections commonly occur in conjunction with treatment decisions for feeding problems (i.e., tube feeding versus hand feeding). No previous research has considered the potential relationship between health care transitions, such as hospitalizations, and feeding tube insertion in end-stage dementia.
Multiple reviews of the literature have questioned the benefits of tube-feeding persons with advanced dementia. [2] [3] [4] Feeding tubes have not been found to improve survival, prevent aspiration pneumonias, heal decubitus ulcers, or other important health outcomes. Previous research has revealed striking variation in the prevalence of feeding tubes among persons with advanced dementia. 1, 5, 6 Important limitations of existing research is studying the prevalence of feeding tube use rather than incident tube insertions and the lack of information about the point in an illness episode a feeding tube is inserted. For example, if feeding tubes are predominately inserted during a hospitalization, efforts to reduce their use would need to focus on advance care 1 planning for preferences regarding artificial nutrition occurs in the nursing home setting and ensuring that those wishes are communicated from the nursing home to the acute care hospital.
Two cost containment strategies were implemented a time when there was increase in the rate of transfer of elderly persons from hospitals to nursing homes. Both the Medicare prospective payment system using diagnostic-related groups (DRGs) for hospital reimbursements and the growth of managed care reduced hospital length of stay, leading to more transfers to nursing homes for rehabilitation, and transfers of patients with higher intensity medical needs. [7] [8] [9] [10] Such transitions have been associated with medical errors, 11 functional decline, 12 and bereaved family members' perceptions that health care providers did not have the correct information to provide the best possible care. 13 Using the Medicare Beneficiary Survey, Coleman and colleagues 14 examined the rate and pattern of transitions occurring after acute care hospitalizations in [1997] [1998] . Approximately one third of persons experienced multiple transitions within 30 days posthospitalization. The authors estimated that one in four of these transitions were complicated (e.g., going from a hospital to a nursing home and then returning to a hospital). Saliba and colleagues 15 estimate that 40% of hospitalizations of nursing home residents are inappropriate, and that nursing home residents could have been safely cared for in the nursing home. This research provides preliminary evidence that many transitions are inappropriate, resulting in increased health care costs and potentially, increased morbidity and mortality to frail, older persons. In this study, we specifically wanted to examine the association of whether geographic regions with a higher rate of health care transitions for nursing home residents had a higher rate of feeding tubes insertions for people with advanced cognitive impairment.
Methods
Sample
Two samples are utilized in this research. Both samples were created by linking Medicare claims data with the National Repository of the Resident Assessment Instrument Minimum Data Set (MDS) from 2000. The MDS is a standardized instrument that collects demographic, health status and care needs information for persons residing in all Medicare=Medicaid certified U.S. nursing homes. For the first sample, subjects had to be present in a randomly drawn 20% sample of Part B claims, 100% Part A claims and reside in a nursing home based on MDS assessment within 60 days of April 1. Subjects resided in the continental United States. Additionally, subjects were aged 65 and older, had advanced cognitive impairment, and did not have a feeding tube at the time of the baseline assessment (N ¼ 97,239). Advanced cognitive impairment was defined as having a Cognitive Performance Score (CPS) 16 ranging from 4 (moderately severe impairment) to 6 (very severe impairment with eating problems). The second sample includes person-level counts of the number of transitions among all Medicare beneficiaries who died in 2000 and had at least one nursing home stay in the last 6 months of life. Death date was based on the Medicare denominator file.
Measures
Feeding tube insertion
The cohort of nursing home residents with advanced cognitive impairment were followed to determine whether or not they had a feeding tube insertion during the year following their baseline MDS assessment. Feeding tube insertion was determined from both Part A and Part B Medicare Claims Files and defined by the occurrence of any of the following physician billing or CPT codes: ICD-9 procedure codes; 43. 1 
Health care transitions
The rate of health care transitions were determined by linking Medicare Claims Files with MDS data. The unit of analysis is a Hospital Referral Region (HRR) (N ¼ 306 across the United States). Within each HRR, the number of decedents in 2000 who had a nursing home admission (based on MDS data) were identified. Transitions were defined as transfer to or from any of the following settings; hospital, inpatient rehabilitation, nursing home, inpatient hospice, and home with or without home health services as determined from both Medicare Claims and MDS data. The mean number of health care transitions per 100 decedents within the last six months of life was calculated for each HRR.
Statistical Analyses
The average rate of transitions in the last 6 months of life per 100 decedents was depicted in a U.S. map grouping HRRs into quintiles. Incidence of tube-feeding placement was calculated per 1000 persons. To examine the association between the transition rate and the incident rate of feeding tube insertion, a Spearman's correlation coefficient was used. A multivariate model using a Huber White adjustment examined the association of the individual 1-year risk of feeding tube insertion with geographic variation in health care transitions adjusting for age, gender, race, education, functional status, 17 whether functioning is improving or declining, medical diagnoses, cognitive performance score (i.e., 4, 5, or 6), difficulty swallowing, the presence of a do-not-resuscitate order, an order to forego artificial hydration and nutrition, the MDS-CHESS scale, 18 and whether the resident had a recent pneumonia.
Results
Overall, among the cohort of 97,241 nursing home residents (mean age, 84.7 AE 7.6 years 74.3% female, 87.4% white) the 12-month incidence of feeding tube insertion was 53.9 per 1000 persons. Nearly two thirds (48.3%) of the cohort died within 1 year after feeding tube insertion. Across the 306 HRRs, the 12-month incident rate of feeding tube insertion ranged between 0 to 217 per 1000 nursing home residents (Fig. 1A) . Nationwide, the 348,276 decedents (mean age, 84.0, female, 64.0%) with a nursing home stay in 2000 had 328.4 transitions per 100 decedents in the last 6 months of life. The transition rate ranged from 192 transitions (Salem, Oregon), to 509 per 100 decedents (Monroe, Louisiana; Fig. 1B) .
HRRs with higher end-of-life health care transition rates had a higher rate of feeding tube insertion (Spearman 360 TENO ET AL.
correlation ¼ 0.58), compared to the region with the lowest quintile of health care transitions, nursing home residents residing in the highest quintile had 2.5 times increased likelihood of 1-year insertion of feeding tubes after adjusting for other covariates (95% confidence interval [CI] of the adjusted odds ratio is 1.9-3.3). Table 1 provides the adjusted odds ratio of having a feeding tube inserted in persons with advanced cognitive impairment residing in regions that vary in the rate of health care transitions for decedents who had a stay in a nursing home.
Discussion
Previous research has highlighted quality of care concerns associated with poorly executed health care transitions and the striking variation in the use of feeding tubes among persons with advanced cognitive impairment. We found that persons with advanced dementia residing in a nursing home were more likely to have a feeding tube inserted if they lived in region of the continental United States that had higher rates of health care transitions. While this observation does not necessarily imply a causal relationship, it raises serious concerns about the quality and efficiency of end-of-life care in the United States. Future research is needed to understand whether a poorly executed transition played a role in the insertion of a feeding tube, or that this strong association is a reflection of a medical culture towards overall aggressive medical care.
Poorly executed health care transitions are associated with medical errors, functional decline, and the perception by bereaved family members that health care providers do not have adequate information to provide the best possible care. On average, we found that decedents experienced 3.2 transitions in the last 6 months of life. This varied threefold across the country. Beyond describing the rate and geographic variation of health care transitions among decedents with a nursing home stay in 2000, we examined whether persons with advanced cognitive impairment living in geographic regions with a higher rate of health care transitions among decedents had a higher risk of feeding tube insertion. Persons residing in regions with the highest quintile of health care transitions had more than 2 times the incidence insertion rate of feeding tubes compared to those residing in the lowest quintile of health care transitions among decedents with a nursing home stay.
While our research utilized the merger of two national databases, an important limitation is that information is not available to confirm or refute potential mechanisms that would explain the association of health care transitions with feeding tube insertion. For example, it is possible that persons are hospitalized without information about their wishes regarding artificial hydration and nutrition. This information discontinuity results in inappropriate use of feeding tubes. An alternate potential explanation is that both of these findings are markers of local medical culture that tends toward aggressive interventions such as feeding tubes and hospitalizations among dying persons. Our analysis did adjust for available information on nursing home residents' preferences, including whether the nursing home resident had an order to forgo hydration and nutrition. Future research is needed to understand the mechanisms of this variation especially in light of recent research that suggests that such variation is not associated with improved patient outcomes. Adjusted for ethnicity, gender, order to forego resuscitation, restrictions on the use of artificial hydration and nutrition, medical diagnoses, difficulty swallowing, activities of daily living, weight loss, education, whether there was recent pneumonia, where their functioning is improving or declining, and the MDS-CHESS Scale.
An important question for this century is how to provide competent, coordinated, and cost effective care for a growing population of elderly persons with chronic progressive illnesses. Our results demonstrate striking variation in care transitions for decedents with a nursing home stay. A nursing home resident residing in a geographic region with a higher transition rate for decedents had a higher risk of feeding tube insertion, despite growing evidence that feeding tube insertion does not lead to improved patient outcomes. Instead of saving health care resources as assumed to occur with prospective payment, transitions could increase health care costs when poorly executed. 22, 23 Future research is needed to understand this variation, the role of state policies resulting in more frequent transitions, and interventions to improve care coordination.
